Background: Clinicians often experience extrahepatic metastases associated with hepatocellular carcinoma (HCC), even if no evidence of intrahepatic recurrence after treatment is observed. We investigated the pretreatment predictors of extrahepatic metastases in HCC patients. Methods: Patients diagnosed with HCC without evidence of extrahepatic metastases were prospectively enrolled. We evaluated the correlation between extrahepatic metastases and pretreatment clinical variables, including serum tumor markers.
Background
Hepatic resection and liver transplantation are an established curative treatment for early stage HCC patients [1] [2] [3] . However, few good candidates are available for surgical resection and liver transplantation due to surgical risks associated with liver cirrhosis and the limited number of available donors, respectively. On the other hand, alternative therapeutic approaches, such as percutaneous ethanol injection (PEI) or radiofrequency ablation (RFA) for small HCCs [3, 4] and transarterial chemoembolization (TACE) for multinodular hypervascular HCC, have been widely applied for the treatment of patients with HCC [5, 6] . Although an increased number of therapeutic options may improve treatment results for small HCCs, a significant proportion of patients that undergo these procedures have intrahepatic de novo recurrence or metastases [7, 8] . It was reported that the percentages of intrahepatic metastases and multicentric occurrences found after initial treatment of small hepatocellular carcinomas less than 2 cm in diameter was 23.7% after 1 year, 64.5% after 3 years, and 76.1% after 5 years [8] .
Sometimes, clinicians experience extrahepatic metastases even if a primary lesion is not found after surgical resection or liver transplantation. In addition, extrahepatic metastases may occur after locoregional therapies for early stage HCC and a long-term remission. As recent advances have been made in our understanding of the molecular pathways of HCC, the metastatic potential of early HCC has been confirmed by gene expression assessment using microarray analysis [9] . In addition, an oral multikinase inhibitor that targets serine/threonine and tyrosine kinase receptors has been shown to result in decreased tumor growth and inhibition of angiogenesis in patients with HCC [10] [11] [12] . If we could determine the patients at increased risk for extrahepatic metastases at an early timepoint with specific predictive factors, we could select good candidates for surgical treatment and prevent unnecessary liver transplantation or surgical resection. Furthermore, agents targeted to the appropriate tumors at the appropriate time could control the development of distant metastases. However, the factors that predict metastases, including specific tumor markers, are not yet identified for patients with HCC.
In our previous pilot study of patients who were followed after treatment of HCC, those with high serum levels of protein induced by vitamin K absence or antagonist-II production (PIVKA-II) during follow up showed an increased rate of development of metastases at an early stage, even if they had well-controlled primary liver lesions without portal vein thromboses. In this study, we prospectively investigated the pretreatment predictors of extrahepatic metastases in HCC patients.
Methods

Patients
Four hundred seventy-six consecutive patients who were diagnosed with HCC between September 2005 and July 2008 at Seoul National University Hospital in Seoul, Korea, were included. Patients whose serum levels of PIVKA-II and AFP at the time of diagnosis were not available (64 patients), those who had metastases at the time of diagnosis (43), those who were untreated (15), were excluded. Any patients who may have been taking warfarin would have also been excluded, though none of the patients in this study were treated with it. Accordingly, 354 patients were enrolled into this prospective cohort study, which was approved by the Institutional Review Board of Seoul National University Hospital. We obtained written informed consents from all patients enrolled.
Diagnosis
A definitive diagnosis of HCC was confirmed based on typical hypervascular radiologic features and serum alpha-fetoprotein (AFP) levels or histologic findings by AASLD guidelines. All patients underwent testing for liver function, hepatitis B and C profiles, and serum AFP and PIVKA-II levels; a chest PA and dynamic CT of the abdomen and pelvis were obtained. If nodules were noted on the chest PA, a chest CT or biopsy were performed to exclude lung metastases. Patients complaining of bone pain had a bone scan. Follow-up after the initial treatment consisted of blood tests, monitoring of tumor markers, chest PA, and a dynamic CT including the pelvis once or twice within 6 months.
AFP and PIVKA-II determinations
The serum concentration of PIVKA-II was assayed by an enzyme-linked immunoassay kit using Eitest (cut-off value, 40 mAU/mL; Sanko Junyaku Co., Tokyo, Japan). The AFP was measured using the AFP IRMA system (cut-off value, 20 ng/mL; Immunotech, Beckman Coulter, Fullerton, CA, USA). Both the serum AFP and PIVKA-II were measured when patients were initially diagnosed with HCC.
Variables
The following variables, measured at the time of diagnosis, were included in the analysis to identify predictors of extrahepatic metastases: age; gender; tumor stage; tumor size; Child-Pugh class; serum levels of AFP, PIVKA-II, albumin, and total bilirubin; and prothombin time (PT). We analyzed two different tumor stage systems (the American Joint Committee on Cancer [AJCC] and the Barcelona Clinic Liver Cancer [BCLC] staging systems) to evaluate the correlation between extrahepatic metastases and other clinical variables [13, 14] . Tumor markers were used with both continuous and dichotomized variables with cut-off values for AFP at ≥ 400 ng/mL and PIVKA-II at ≥ 300 mAU/mL when we analyzed the predictive factors for extrahepatic metastases, other clinical factors, and tumor markers.
Locoregional treatment for HCC
Patients were treated by PEI or RFA for lesions < 4 cm in diameter. Hepatic resection was carried out if the tumors were small and the patients had good liver function without significant co-morbidities. TACE was performed in patients with multiple hypervascular intrahepatic tumors.
Statistics analysis
We evaluated the correlation between extrahepatic metastases, serum levels of tumor markers (AFP and PIVKA-II), and clinical findings according to the AJCC and BCLC staging systems. Univariate analyses to identify predictors of extrahepatic metastases were performed using the Kaplan-Meier method or Coxregression and the variables at the time of diagnosis.
The differences between groups were tested for significance using the log-rank test. The variables which were significantly associated with extrahepatic metastases in the univariate analyses were included in the multivariate analysis with the Cox proportional hazards regression model using a forward stepwise approach to identify independent predictors of extrahepatic metastases. All statistical analyses were performed using SPSS 12.0 (SPSS, Inc., Chicago, IL, USA). For all tests, a P-value < 0.05 was considered statistically significant.
Results
Baseline characteristics
Two hundred sixty-five among 354 patients (75%) were males, and the median age was 56 years (range, 19-82 years). The median duration of follow-up of all patients was 25.3 months (range, 0.6-51.3 months). The baseline characteristics of the study population for all patients are shown in Table 1 . The percentages of patients who were seropositive for hepatitis B virus surface antigen and anti-hepatitis C virus antibody were 95.2% and 3.7%, respectively. The percentages of patients in ChildPugh classes A, B, and C were 69.8%, 26.0%, and 4.2%, respectively. At the time of diagnosis, the proportion of patients with an AFP ≥ 400 ng/mL was 31.1%, and 28% of patients had a PIVKA-II ≥ 300 mAU/mL. The median values for platelet count and PT (%) were 121, 000/ mm 3 and 83%, respectively; the median values for albumin and bilirubin were 3.7 g/dL and 1.0 mg/dL, respectively. Of 354 patients, 76 (21%) had extrahepatic metastases during the observation period. The most common places for metastases to occur are the lungs (57%), bones (20%), metastatic lymph nodes (36%), adrenal gland (7%), peritoneal seeding (5%), spleen (3%), and the brain (3%).
Predictive factors for extrahepatic metastases All patients
Of the entire cohort of patients, the AJCC (P < 0.001) and BCLC tumor stage (P < 0.001), serum PIVKA-II level (P < 0.001), AFP level (P = 0.008), portal vein thrombosis (P < 0.001), and platelet count (P = 0.0004) were significantly associated with the presence of extrahepatic metastases based on univariate analyses (Table  2) . However, age, bilirubin and albumin levels, and prothorombin time (PT) failed to show a significant association with extrahepatic metastases. When we applied the AJCC and BCLC staging systems in the subsequent Cox-regression multivariate analysis, PIVKA-II levels with continuous variables (P = 0.001 and P < 0.001), portal vein thrombosis (P = 0.126 and P < 0.001), tumor stage (P < 0.001 and P < 0.001), and platelet count (P = 0.019 and P = 0.011) were shown to be independent risk factors for extrahepatic metastases, respectively. We performed multivariate analysis with 
Values in the column are represented as number of patients (%) or median value (range). Abbreviation: TACE, transarterial chemoembolization; RFA, radiofrequency ablation; PEI, percutaneous ethanol injection; AFP, alpha-fetoprotein; PIVKA-II, Protein induced by vitamin K absence or antagonist-II; PT, prothrombin time; AST, aspartate aminotransaminase; ALT, alanine aminotransferase. † all were used with continuous variables.
stage, portal vein thrombosis, platelet count, and tumor markers according to cut-off values of tumor markers for AFP (≥ 400 ng/mL) and PIVKA-II (≥ 300 mAU/mL). It was consistently shown that PIVKA-II ≥ 300 mAU/ mL, portal vein thrombosis (in BCLC) and platelet count were independent risk factors for extrahepatic metastases based on multivariate analysis (Table 3) . However, AFP did not significantly increase the hazard ratio of extrahepatic metastasis in any combination of tumor markers based on multivariate analysis. The patients with a PIVKA-II ≥ 300 mAU/mL had a 2.7-fold (95% confidence interval [CI], 1.535-4.812, P = 0.001) and a 3.7-fold (95% confidence interval [CI], 2.073-6.560, P < 0.001) in AJCC and BCLC hazard ratios of extrahepatic metastases, respectively, when the those with AFP ≥ 400 and PIVKA-II ≥ 300 in Cox regression analysis after adjustment for portal vein thrombosis, platelet count, and stage were applied. Figure 1 shows the time to extrahepatic metastases based on Cox regression analysis in patients with a PIVKA-II ≥ 300 in AJCC and BCLC stages after adjustment for portal vein thrombosis, AFP ≥ 400 platelet count, and stage.
Subgroup analysis for extrahepatic metastases according to AJCC tumor stage
To determine whether the serum levels of PIVKA-II predict HCC metastases in patients with different tumor stages, we stratified the patients according to tumor stage based on the AJCC staging system and evaluated the risk factors for extrahepatic metastases. When we analyzed the subgroups with all variables included at the time of diagnosis according to the AJCC tumor stage, the serum PIKVA-II (P < 0.001) and platelet count (P = 0.022) in stage I, serum AFP (P = 0.018) and PIVKA-II (P = 0.008) in stage II, and serum PIVKA-II (P = 0.023) and platelet count (P = 0.031) in stage III were risk factors for extrahepatic metastases in univariate analysis. In multivariate analysis, only the serum PIVKA-II level was an independent predictive factor of extrahepatic metastases in patients with stage I (P = 0.001), II (P = 0.023), and III (P = 0.028) disease. In particular, a serum PIVKA-II level ≥ 300 mAU/mL had a 8.8-fold (95% CI, 2.538-30.303, P < 0.001), 3.4-fold (95% CI, 1.179-9.523, P = 0.025), and 2.2-fold (95% CI, 1.086-4.504, P = 0.025) increased risk among patients with stages I, II, and III disease compared to patients with serum PIVKA-II levels < 300 mAU/mL in multivariate analysis after adjustment for AFP ≥ 400, PT, and platelet count. All other variables, including albumin, PT, AST, ALT, and bilirubin, were not associated with extrahepatic metastases in subgroup analysis according to stage. Table 4 shows the univariate and multivariate analysis for extrahepatic metastases with serum AFP, PIVKA-II, PT, and platelet count according to stage. The Kaplan curves for extrahepatic metastases according to AJCC stage are shown in Figure 2a (stage I, P < 0.001), 2b (stage II, P = 0.004), and 2c (stage III, P = 0.020). The median time to extrahepatic metastases in those with a PIVKA-II ≥ 300 mAU/mL was 37 months in stage II and 10 months in stage III, respectively, on Kaplan curves, whereas stage I patients with a PIVKA-II ≥ 300 mAU/ mL did not reach the median time to extrahepatic metastases during follow up periods. 
Subgroup analysis for extrahepatic metastases according to BCLC tumor stage
When we analyzed the subgroups with all variables included at the time of diagnosis according to the BCLC tumor stage, the serum PIKVA-II (P < 0.001) and serum AFP (P = 0.023) in stage A, and serum PIVKA-II (P = 0.047) in stage C were risk factors for extrahepatic metastases in univariate analysis. In multivariate analysis, the serum PIVKA-II level (P < 0.001) and AFP level (P = 0.049) in stage A and serum PIVKA-II (P = 0.033) in stage C were independent predictive factors of extrahepatic metastases. In BCLC staging B and D HCC patients, PIVKA-II was not a significant factor associated with extrahepatic metastases (P = 0.225, P = 0.678) in multivariate analysis. In particular, a serum PIVKA-II level ≥ 300 mAU/mL had a 8.4-fold (95% CI, 3.424-20.408, P < 0.001) and 3.2-fold (95% CI, 1.098-9.174, P = 0.033) increased risk among patients with stages A and C disease compared to patients with serum PIVKA-II levels < 300 mAU/mL. All other variables, including albumin, PT, platelet count, AST, ALT, and bilirubin, were not associated with extrahepatic metastases in subgroup analysis according to stage. The Kaplan curves for extrahepatic metastases according to BCLC stage are shown in Figure 2d (stage A, P < 0.001), 2e (stage B, P = 0.216), and 2f (stage C, P = 0.037). The median time to extrahepatic metastases in those with a PIVKA-II ≥ 300 mAU/mL was 31.5 in stage B and 8.4 months in stage C on Kaplan curves, whereas stage A patients with a PIVKA-II ≥ 300 mAU/mL did not reach the median time to extrahepatic metastases during follow up periods.
Subgroup analysis according to treatment modality
The number of patients with extrahepatic metastasis was 59 (28.9%) for the TACE group, 7 (9.4%) for the PEIT group, 2 (4.7%) for the RFA group, and 8 (23.5%) for the surgery group. We analyzed the predictive factors for extrahepatic metastasis according to treatment modality. Serum PIVKA-II level (P < 0.001), AFP level (P = 0.027), portal vein thrombosis (P < 0.001), platelet count (P < 0.001), and PT (P = 0.018) were significantly associated with the presence of extrahepatic metastases in univariate analyses in the TACE group. It was consistently shown that PIVKA-II and platelet count were independent risk factors for extrahepatic metastases based on multivariate analysis. Patients with PIVKA-II ≥ 300 mAU/mL had a 6. did not appear statistically significant for extrahepatic metastasis in a multivariate analysis. The serum PIVKA-II level (P = 0.007) and AFP level (P = 0.032) were significantly associated with the presence of extrahepatic metastases based on univariate analyses in patients receiving surgery. However, only the PIVKA-II level (P = 0.070) had an independent risk factor for extrahepatic metastases in multivariate analysis. A serum PIVKA-II level ≥ 300 mAU/mL had an 8.7-fold increased risk (95% CI, 4.793-15.699, P < 0.001) for extrahepatic metastasis. The serum PIVKA-II level (P = 0.012) and AFP level (P = 0.002) were significantly associated with the presence of extrahepatic metastases in patients receiving PEIT. A serum PIVKA-II level ≥ 300 mAU/mL had a 23.1-fold increased risk (95% CI, 2.175-245.979, P = 0.009) for extrahepatic metastasis, while a serum AFP level ≥ 400 mAU/mL had a 5.2-fold increased risk (95% CI, 1.000-27.742, P = 0.050). The serum PIVKA-II level (P = 0.019) was significantly associated with the presence of extrahepatic metastases in patients receiving RFA. However, no statistical significance manifested in patients with a serum PIVKA-II level ≥ 300 mAU/mL, which is due to the small number of patients.
Subgroup analysis according to serum AFP and PIVKA-II levels
To determine whether a specific combination of tumor markers is associated with the risk for metastases, we stratified the patients into 5 groups using the values of AFP and PIVKA-II at the time of diagnosis: group 1 patients were those who had a low AFP and a low PIVKA-II (AFP < 60 ng/mL and PIVKA-II < 80 mAU/ mL); group 2 had a high AFP and a low PIVKA-II (AFP ≥ 400 ng/mL and PIVKA-II < 80 mAU/mL); group 4 had a low AFP and high PIVKA-II (AFP < 60 ng/mL and PIVKA-II ≥ 300 mAU/mL); group 5 had a high AFP and high PIVKA-II (AFP ≥ 400 ng/mL and PIVKA-II ≥ 300 mAU/mL); and group 3 included other combinations. The time to extrahepatic metastases based on the subgroup is presented using a KaplanMeier curve in Figure 3 . When the relative risk was compared by Cox regression analysis, the patients in group 5 had a 9.7-fold relative risk for extrahepatic metastases compared to the patients in groups 1, 2, or 3 (95% CI, 5.780-16.393, P < 0.001), and the patients in Figure 2 The risks for extrahepatic metastases according to serum levels of PIVKA-II were assessed by the Kaplan-Meier method. Risk of extrahepatic metastases was significantly higher for patients with a serum PIVKA-II level ≥ 300 mAU/mL than for those with PIVKA-II level < 300 mAU/mL among patients with stage I (a, P < 0.001), II (b, P = 0.004), and III (c, P = 0.020) HCC according to AJCC tumor stages and stage A (d, P < 0.001), B (e, P = 0.216) and C (f, P = 0.037) according to BCLC tumor stages.
group 4 had a 5.3-fold relative risk compared to the patients in groups 1, 2, or 3 (95% CI, 2.898-9.803, P < 0.001). Group 4 patients had a 2.7-fold relative risk for extrahepatic metastases compared to group 2 (95% CI, 1.886-6.134, P = 0.018); however, group 5 patients did not have an increased risk for extrahepatic metastases compared to group 4 (RR 1.8 fold, 95% CI, 0.959-3.278, P = 0.067). These results indicate that PIVKA-II levels are independently related to extrahepatic metastases regardless of AFP levels.
Alteration of the PIVKA-II level during follow-up
We investigated the correlation between the change in the serum PIVKA-II level during follow-up and extrahepatic metastases in patients with elevated levels of PIVKA-II (≥ 80 mAU/mL, 2.0 times the normal PIVKA-II level). One hundred thirty-three patients had serum levels of PIVKA-II ≥ 80 AU/mL at the time of diagnosis. Of these patients, 35 who did not have PIVKA-II level monitoring after initial management were excluded from this analysis. The remaining 98 patients were classified into the following 3 groups according to alterations in PIVKA-II levels during the follow-up periods: group A included patients in whom serum PIVKA-II values fell below the normal level after initial management and persisted below the normal level during all follow-up periods (n = 46); group B included patients in whom serum PIVKA-II levels fell below or above the normal range transiently compared to the initial value after treatment and then increased to ≥ 80 mAU/mL (n = 40); and group C included patients in whom serum PIVKA-II levels persistently increased above the initial value (n = 12) after initial treatment. All treatments were limited to reduce intrahepatic tumor burdens, such as TACE, RFA, and surgery. Median times to extrahepatic metastases in groups B and C were 10.9 and 5.1 months, respectively (P < 0.001, Figure 4) ; however, group C did not decrease to the median time to extrahepatic metastases during the follow-up period.
Discussion
The results of this study have shown that the serum level of PIVKA-II is an independent prognostic factor for extrahepatic metastases in HCC patients. This association of PIVKA-II with extrahepatic metastases was maintained in the subgroup analyses, regardless of the tumor staging system used (AJCC and BCLC). Moreover, in the subgroup analysis involving the combination of AFP and PIVKA-II, group 4 (high PIVKA-II and low AFP) and 5 (high PIVKA-II and high AFP) showed an increased tendency for extrahepatic metastases and a shorter time to metastases than the other groups. Together, these findings suggest that the PIVKA-II levels are independently related to extrahepatic metastases regardless of serum AFP level and tumor staging; additionally, they showed a strong association with early stages with low AFP. This is consistent with prior clinical studies showing that the pre-operative PIVKA-II level is an independent predictor of microvessel invasion in post-surgical histology or after liver transplantation [15] [16] [17] . This finding may also be explained by an in vitro study showing that PIVKA-II stimulates cell proliferation and cell migration of vascular endothelial cells by binding to the kinase insert domain receptor, alternatively referred to as the vascular endothelial growth factor receptor-2 [18] . Several prior reports have suggested that PIVKA-II may be a useful marker for the prediction of portal vein thrombosis [19] [20] [21] [22] , as well as the intrahepatic spread of disease [22] . In addition, our study demonstrated that PIVKA-II levels may be strongly associated with extrahepatic metastases in patients with AJCC stage I and BCLC stage A who did not have portal vein thrombosis and invasion.
In the current study, PIVKA-II levels were strongly associated with extrahepatic metastases, especially in patients with early stage disease and smaller and/or fewer tumors compared to those in an advanced stage. These observations suggest that as the tumor stage advances, the association between PIVKA-II and the risk for metastases may be weakened. This can be explained by the intrahepatic tumor burden, which itself increases the value of PIVKA-II regardless of the presence of metastases. This can also be explained by follow-up data in patients with a high serum PIVKA-II level at the time of diagnosis. The patient group in which the serum PIVKA-II values decreased after intrahepatic tumor management and persisted below the normal range for PIVKA-II during the follow-up period could have only had an intrahepatic tumor before treatment. The high serum PIVKA-II level in this group reflects an intrahepatic tumor burden only. However, the patient group in which the serum PIVKA-II value transiently decreased after intrahepatic management and then increased after treatment could have had an intrahepatic tumor and undetected extrahepatic metastases before treatment. Thus, the value of PIVKA-II in this group increased by extrahepatic tumor growth during the follow-up period, but transiently decreased after intrahepatic tumor management. The last patient group in which the serum PIVKA-II value persistently increased, even after treatment, could have had an undetected higher extrahepatic tumor burden compared to the intrahepatic tumor; thus the value of PIVKA-II persistently increased, even if the intrahepatic tumors were controlled. Our overall results may be explained by the different blood supply source to the tumor between intra-and extra-hepatic HCCs. Liver cells are mainly supplied by the portal vein, which conveys a sufficient amount of vitamin K directly by enterohepatic circulation from intestinal absorption by dietary intake or colonic microflora synthesis. Although intrahepatic HCCs are mainly supplied by the hepatic artery, intrahepatic HCCs are also supplied by the portal vein and are able to uptake a sufficient quantity of vitamin K. However, extrahepatic metastatic HCCs, such as those in lung and bone, receive blood from the peripheral circulation, which probably does not transport an adequate amount of vitamin K compared to the portal flow. Therefore, we can assume that HCC cells in extrahepatic metastases cannot actively synthesize prothrombin due to vitamin K insufficiency and may consequently increase the serum level of PIVKA-II. However, there are no studies which have compared the concentration of vitamin K between the portal vein and the peripheral blood or hepatic artery which support the portal vein having a higher concentration of vitamin K compared to the hepatic artery or systemic circulation.
In our study, we set the cutoff value for PIVKA-II levels at 300 mAU/mL and AFP level at 400 which was determined by the lowest value of ([1 -sensitivity] 2 + [1 -specificity]
2 ) as 349 mAU/mL and 420 ng/mL, respectively, by using a receiver operating characteristic curve of extrahepatic metastasis at 12 months after curative treatment. The analysis of gene networks associated with HCCs has shown that specific genotypes are associated with the biological characteristics of tumor development; for example, the HB subtype has been shown to be more invasive than the HC subtype [23] . Osteopontin is unique as a well-known gene associated with HCC metastases and progression [24] . There is no prior report implicating PIVKA-II as a predictive marker for extrahepatic metastases. Our study is the first prospective report to demonstrate an association between PIVKA-II levels and extrahepatic metastases in HCC patients. A corollary study is needed to determine whether a high PIVKA-II level is associated with a specific subtype of HCC.
Conclusion
PIVKA-II levels might be a good candidate predictive marker for extrahepatic metastases, especially in patients with early HCC regardless of AFP.
